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[Title of the Invention] 
LIQUID CRYSTAL DISPLAY DEVICE 
[Abstract] 

[Object] To provide a liquid crystal display device in which a 
protective layer for transistors is easily formed and which has 
stable transistor characteristics without using an SiN based 
protective layer. 

[Structure] The device comprises an active matrix substrate 1, with 
a liquid crystal display portion consisting of matrix-like pixel 
electrodes 13 and a thin film transistor portion for driving the 
pixel electrodes, a scanning line driving circuit 4 connected to 
the liquid crystal display portion, and a signal line driving 
circuit 5 connected to the liquid crystal display portion, all 
formed thereon, an upper substrate 2 entirely opposed to the active 
matrix substrate, and a liquid crystal layer sandwiched between 
the active matrix substrate 1 and the upper substrate 2, the liquid 



crystal display portion being protected by a silicon oxide based 
insulating film and the liquid crystal layer- 

[Scope of Claim for a Patent] 

[Claim 1] A liquid crystal display device comprising: 

an active matrix substrate, with a liquid crystal display portion 
consisting of pixel electrodes disposed so as to be matrix-like 
and a thin film transistor portion for driving said pixel electrodes , 
a scanning line driving circuit connected to said liquid crystal 
display portion, and a signal line driving circuit connected to 
said liquid crystal display portion, all formed thereon; 

an upper substrate entirely opposed to said active matrix substrate; 
and 

a liquid crystal layer sandwiched between said active matrix 
substrate and said upper substrate, 

characterized in that said liquid crystal display portion is 
protected by a silicon oxide based insulating film and said liquid 
crystal layer. 

[Detailed Description of the Invention] 
[0001 ] 

[Field of Industrial Application] 

The present invention relates to a liquid crystal display device, 
and more particularly, to a liquid crystal display device with 
driving circuits formed of thin film transistors being built in 
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a liquid crystal cell. 

[0002] 

[Prior Art] 

In a conventional liquid crystal display device, as shown in Fig. 
21, a horizontal (scanning line) driving circuit (Horizontal- 
Driver) 4 and a vertical (signal line) driving circuit 
(Vertical-Driver) 5 with thin film transistors (TFTs) formed 
thereon are provided outside a liquid crystal cell portion. More 
particularly, an upper substrate 14, a lower substrate 15, and a 
liquid crystal layer (not shown) sandwiched between the upper and 
lower substrates and encapsulated with a spacer 16 are constructed 
so as to be entirely opposed to each other only at the liquid crystal 
cell portion. 

[0003] 

In this way, in a state where the driving circuits with TFTs formed 
thereon are provided outside the liquid crystal cell portion, it 
is necessary to use at the TFT portion used as the driving circuits 
an SiN based protective layer for preventing moisture and movable 
ions such as sodium from coming into the driving circuits. 

[0004 ] 

On the other hand, in the liquid crystal cell, since a polyimide 
(PI) based orienting agent is used, a silicon dioxide (Si0 2 ) based 
protective insulating film for the TFTs has to be used at the pixel 
portion. 



[0005] 

[Problems to be solved by the Invention] 

When an SiN based insulating film is used instead of the 
above-mentioned Si0 2 based one as the protective layer for the 
transistors in the liquid crystal cell, the adhesion and orienting 
film evenness of polyimide are impaired, resulting in impaired 
orientation of the liquid crystal. Further, when an SiN based 
protective layer is used in the upper portion of the transistors, 
the membrane stress remaining in the SiN shifts the characteristics , 
for example, V TH , of the transistors. 

[0006] 

Though Japanese Patent Publication No. Hei 2-61032 discloses a 
liquid crystal display device with respective driving circuits 
built in a liquid crystal cell, the liquid crystal display device 
has no definition with regard to the material of a passivation film 
for protecting the transistors, still leaving the above-mentioned 
problem unsolved. 

[0007] 

An object of the present invention is to provide a liquid crystal 
display device in which a protective layer for transistors is easily 
formed and which has stable transistor characteristics without 
using an SiN based protective layer. 

[0008] 
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[Means for solving the Problems] 

According to the present invention, the above-mentioned problems 
are solved by a liquid crystal display device comprising an active 
matrix substrate, with a liquid crystal display portion consisting 
of pixel electrodes disposed so as to be matrix-like and a thin 
film transistor portion for driving the pixel electrodes , a scanning 
line driving circuit connected to the liquid crystal display portion, 
and a signal line driving circuit connected to the liquid crystal 
display portion, all formed thereon, an upper substrate entirely 
opposed to the active matrix substrate, and a liquid crystal layer 
sandwiched between the active matrix substrate and the upper 
substrate, 

characterized in that the liquid crystal display portion is 
protected by a silicon oxide based insulating film and the liquid 
crystal layer. 

[0009] 

[Operation] 

According to the present invention, a liquid crystal display portion 
consisting of pixel electrodes 13 and thin film transistors, a 
scanning line driving circuit 4, and a signal line driving circuit 
5 are formed on an active matrix substrate. An upper substrate 2 
is formed so as to be entirely opposed to the active matrix substrate, 
and further, the liquid crystal display portion is protected by 
a silicon oxide based insulating film and a liquid crystal layer, 
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and thus, the process of forming a protective layer for the 
transistors is simplified. Further, since an SiN based protective 
layer is not used, deterioration of the characteristics , for example, 
V TH , of the transistors due to the membrane stress remaining in an 
SiN film is not caused. 

[0010] 

According to the present invention, PSG ( phosphosilicate glass), 
BSG (borosilicate glass), or the like is preferably used as the 
silicon oxide based insulating film. Of course, Si0 2 (silicon 
dioxide) may be used. 

[0011] 

[Embodiment] 

An embodiment of the present invention is described in detail in 
the following based on the drawings. 

[0012] 

Fig. 1 is a schematic perspective view illustrating an embodiment 
of a liquid crystal display device according to the present 
invention. As shown in Fig. 1, a liquid crystal display device 
according to the present invention has an active matrix substrate 
1 as a lower substrate with thin film transistors. formed thereon 
as active switching devices, an upper substrate 2 opposed to the 
active matrix substrate 1, and a liquid crystal layer sandwiched 
between the substrates 1 and 2 and encapsulated with a spacer 3. 
A horizontal (scanning line) driving circuit 4 and a vertical 
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(signal line) driving circuit 5 are provided on the active matrix 
substrate 1 in a built-in form within a liquid crystal cell, 
respectively. Further, in the present liquid crystal display 
device, as illustrated in further detail in Fig. 2, a silicon oxide 
based insulating film such as PSG is used as an insulating film 
(passivation film) for protecting the transistors. Further, the 
liquid crystal layer itself contributes to the protection of the 
transistors . 

[0013] 

Figs. 2(a) and (b) are a partial sectional view of the driving 
circuit portion and a partial sectional view of the pixel switch 
portion, respectively, of the liquid crystal display device of the 
present invention illustrated in Fig. 1. 

[0014 ] 

First, as illustrated in Fig. 2(a), a CMOS portion in the driving 
circuit portion is particularly illustrated. The CMOS portion is 
formed of a gate insulating film 7,. a polycrystalline silicon 
(poly-Si) gate 8, an aluminum (Al) electrode 9, PSG protective 
layers 10a and 10b, a PSG interlayer insulating film 10c, and a 
polyimide orienting film 11. 

[0015] 

Next, the pixel switch illustrated in Fig. 2(b) is formed of a pixel 
portion, a thin film transistor (TFT) portion, and a storage 
capacitor (Cs) portion. Symbols in Fig. 2(b) which are identical 



to those in Fig. 2(a) denote identical elements. 
[0016] 

13 in Fig. 2(b) denotes a pixel electrode formed of ITO (indium 
tin oxide) , which is connected with a drain region. As illustrated 
in Figs. 2(a) and (b), the upper portion of the transistors of the 
driving circuits of the liquid crystal display device of the present 
invention is protected by the silicon oxide based PSG film, and 
in addition, the liquid crystal layer itself also has a function 
of suppressing moisture and movable ions, and thus, acts as a 
protective layer. 

[0017] 

Fig. 3 illustrates the result of reliability estimate of a 
conventional device with driving circuits disposed outside a liquid 
crystal cell and with SiN as the protective layer, and of the driving 
circuit as an embodiment of the present invention. 

[0018] 

The reliability of the driving circuits was decided in a high 
temperature operation test . In the high temperature operation test , 
estimate was made with the temperature of 85°C and with the driving 
voltage which is higher than the rated voltage by 10%. As is clear 
from the figure, the reliability of the driving circuit is 
substantially similar to that of the conventional device. 

[0019] 
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A process flow of a liquid crystal display device according to the 
present invention is described in the following using Figs- 4 - 
20. 

[0020] 

First, as illustrated in Fig. 4, a first polysilicon (poly-Si) layer 
21 with a film thickness of 80 nm was formed on a quartz substrate 
20 by low pressure CVD . After silicon ions (Si + ) were implanted, 
solid phase growth annealing was carried out at the temperature 
of 620°C. The condition of the above-mentioned Si + implantation was 
in two stages: first at 30 KeV and 1 X 10 l5 /cm 2 ; and then, at 50 
KeV and 1 X 10 15 /cm 2 . 

[0021] 

Next, as illustrated in Fig. 5, etching was carried out using 
lithography to form first poly-Si layer regions 21a and 21b. 

[0022] 

Then, as illustrated in Fig. 6, an Si0 2 gate insulating film 22 with 
a film thickness of 50 nm was formed by thermal oxidation. 

[0023] 

Next, as illustrated in Fig. 7, arsenic ions (As + ) with the condition 
of 30 KeV and 5 X 10 u /cm 2 were implanted into the first poly-Si 
layer region 21a of the Cs (storage capacitor) portion with resist 
23 being as the mask. 
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[0024] 

Then, as illustrated in Fig. 8, an SiN film was formed with a film 
thickness of 30 nm by low pressure CVD, and after partial etching, 
an SiN gate insulating film 24 was formed on the Si0 2 gate insulating 
film 22. 

[0025] 

Next, as illustrated in Fig- 9, a second polysilicon (poly-Si) layer 
2 5 was formed at the thickness of 3 50 nm by low pressure CVD, and 
after that, an attempt was made by PSG to lower the resistance of 
the second poly-Si layer 25. 

[0026] 

Then, as illustrated in Fig. 10, patterning was carried out by plasma 
etching to form second poly-Si layer regions 25a and 2 5b on the 
SiN gate insulating film 24. CF 4 and 0 2 were used as the etching 
gas with the ratio CF 4 / 0 2 = 95/5. 

[0027] 

After that, as illustrated in Fig. 11, the TFT SiN gate insulating 
film 24 was partially etched and removed, As" ions were implanted 
all over with the condition of 100 KeV and 1 X 10 13 /cm 2 , and then, 
for the purpose of forming an N channel, As + ions were implanted 
on the side of the transistor with the condition of 140 KeV and 
2 X 10 15 /cm 2 . 
[0028] 
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Next, as illustrated in Fig. 12, after resist 27 was applied, for 
the purpose of forming a P channel, boron ions (B + ) were implanted 
with the condition of 3 0 KeV and 2 X 10 15 /cm 2 . 

[0029] 

Then, as illustrated in Fig. 13, after the resist 27 was removed, 
PSG with a film thickness of 500 nm and an Si0 2 interlayer insulating 
film 28 with a film thickness of 100 nm were formed by low pressure 
CVD . 

[0030] 

Next, as illustrated in Fig. 14, by wet etching the Si0 2 interlayer 
insulating film 28 and the Si0 2 gate insulating film 22 with HF/NH 4 F 
being as the etchant, a first contact hole 29 for a leading electrode 
of a source or a drain was formed. 

[0031] 

Then, after an Al/Si film with a film thickness of 600 nm was formed 
all over the surface by sputtering, as illustrated in Fig. 15, wet 
etching was carried out using H 3 P0 4 / H 2 0 = 2/10 as the etchant and 
the Al/Si film was patterned to form an Al/Si electrode 30. 

[0032] 

Next, as illustrated in Fig. 16, a PSG passivation film 31 was formed 
with a film thickness of 400 nm by low pressure CVD, and then, an 
SiN passivation film 3 2 of SiN was formed by PCVD. After that, 
hydrogen annealing treatment was carried out at about 400°C for 30 
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minutes in a reducing atmosphere formed by diluting hydrogen (H 2 ) 
with Ar. 

[0033] 

Then, as illustrated in Fig. 17, plasma etching was carried out 
with respect to the whole of the SiN passivation film 32 using CF 4 
/ 0 2 = 95/5 as the etching gas, and after that, wet etching was carried 
out with HF NH 4 F as the etchant to form a second contact hole 33 
for a leading electrode of the source or the drain reaching the 
first polysilicon layer region 21a. 

[0034 ] 

Next, as illustrated in Fig. 18, an ITO (indium tin oxide) film 
34 was formed all over at the temperature of 400°C by sputtering. 

[0035] 

Then, as illustrated in Fig. 19, the ITO film 34 was patterned using 
HCL : H 2 0 : N0 3 = 300 : 300 : 50 as the etchant to form an ITO pixel 
electrode 34a. 

[0036] 

Next, as illustrated in Fig. 20, a polyimide (PI) film 35 for 
orienting liquid crystal was formed on the exposed surface, that 
is, on the surface of the PSG passivation film 31 and of the ITO 
pixel electrode 34a to obtain an active matrix substrate. After 
Fig. 20, a liquid crystal layer was sandwiched between an upper 
substrate and the active matrix substrate formed according to this 
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manufacturing process to obtain a liquid crystal display device. 
[0037] 

[Effect of the Invention] 

As described in the above, according to the present invention, since 
the process of forming a protective layer for transistors is 
simplified, and it is not necessary to use an SiN based protective 
layer, deterioration of the transistor characteristics due to 
membrane stress in an SiN film is not caused. Further, since an 
Si0 2 based (such as PSG) insulating film is used, organic adhesive 
can be used with sufficient adhesive strength when a liquid crystal 
cell is formed. 

[Brief Description of the Drawings] 
[Fig. 1] 

A schematic perspective view illustrating an embodiment of a liquid 
crystal display device according to the present invention. 

[Fig. 2] 

Partial sectional views of the driving circuit portion and of the 
pixel switch of the liquid crystal display device of the present 
invention illustrated in Fig. 1. 

[Fig. 3] 

An illustration of the result of reliability estimate of a 
conventional device and of the driving circuit as an embodiment 
of the present invention. 
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[Fig- 4] 

A manufacturing process flow chart of the embodiment 
[Fig. 5] 

A manufacturing process flow chart of the embodiment 
[Fig. 6] 

A manufacturing process flow chart of the embodiment 
[Fig- 7] 

A manufacturing process flow chart of the embodiment 
[Fig. 8] 

A manufacturing process flow chart of the embodiment 
[Fig. 9] 

A manufacturing process flow chart of the embodiment 
[Fig. 10] 

A manufacturing process flow chart of the embodiment 
[Fig. 11] 

A manufacturing process flow chart of the embodiment 
[Fig. 12] 

A manufacturing process flow chart of the embodiment 
[Fig. 13] 

A manufacturing process flow chart of the embodiment 
[Fig. 14] 
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A manufacturing process flow chart of the embodiment. 
[Fig. 15] 

A manufacturing process flow chart of the embodiment. 
[Fig. 16] 

A manufacturing process flow chart of the embodiment. 
[Fig. 17] 

A manufacturing process flow chart of the embodiment. 
[Fig. 18] 

A manufacturing process flow chart of the embodiment. 
[Fig. 19] 

A manufacturing process flow chart of the embodiment. 
[Fig. 20] 

A manufacturing process flow chart of the embodiment. 
[Fig. 21] 

A schematic perspective view illustrating an example of a 
conventional liquid crystal display device. 

[Description of Reference Symbols] 

1 ... active matrix substrate 

2 ... upper substrate 

3 ... spacer 

4 horizontal (scanning line) driving circuit 
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5 ... vertical (signal line) driving circuit 

7 ... gate insulating film 

8 ... polycrystalline silicon (poly-Si) gate 

9 . . . Al electrode 

10a, 10b ... PSG protective film 

10c PSG interlayer insulating film 

11 ... polyimide orienting film 

13 ... ITO pixel electrode 

14 ... upper substrate 

15 ... lower substrate 

16 ... spacer 

20 ... quartz substrate 

21 first polysilicon (poly-Si) layer 

22 ... Si0 2 gate insulating film 

23 ... resist 

24 SiN gate insulating film 

25 ... second poly-Si layer 

27 ... resist 

28 ... Si0 2 interlayer insulating film 
29. . . . first contact hole 

30 ... Al/Si electrode 
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PSG passivation film 
SiN passivation film 
second contact hole 
ITO film 
. ITO pixel electrode 
polyimide (PI) film 



Fig. 1 



SCHEMATIC PERSPECTIVE VIEW OF EMBODIMENT 

1 ACTIVE MATRIX SUBSTRATE (WITH TFT CIRCUIT FORMED THEREON) 

2 UPPER SUBSTRATE 

3 SPACER (ENCAPSULATING LIQUID CRYSTAL LAYER) 

4 HORIZONTAL (SCANNING LINE) DRIVING CIRCUIT 

5 VERTICAL (SIGNAL LINE) DRIVING CIRCUIT 
PSG PROTECTIVE FILM IS USED 



LIQUID CRYSTAL CELL PORTION 

Fig. 2 

PARTIAL SECTIONAL VIEW OF EMBODIMENT 
(a) DRIVING CIRCUIT PORTION 



7a GATE INSULATING FILM (SiN) 

7b GATE INSULATING FILM (Si0 2 ) 

8 POL YCRYSTALL I NE SILICON (POLY-Si) GATE 

9 Al ELECTRODE 

10a PSG PROTECTIVE LAYER 

10b PSG PROTECTIVE LAYER 

10c PSG INTERLAYER INSULATING FILM 

11 POLYIMIDE ORIENTING FILM 
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(b) pixel switch 

13 ITO PIXEL ELECTRODE 

SOURCE 

DRAIN 

PIXEL PORTION 

THIN FILM TRANSISTOR (TFT PORTION) 
CS PORTION 

Fig. 3 

RELIABILITY OF DRIVING CIRCUIT OF PRESENT 
INVENTION AND CONVENTIONAL DEVICE (FAILURE RATE) 
HIGH TEMPERATURE OPERATION TEST AT 85°C 
FAILURE RATE 
TIME 

UNIT: KILO 
CONVENTIONAL DEVICE 
PRESENT INVENTION 

Fig . 4 

MANUFACTURING PROCESS FLOW CHART 
2 0 QUARTZ SUBSTRATE 

21 FIRST POLY-Si LAYER 

Fig. 5 

19 



21a FIRST POLY-Si LAYER REGION 

Fig* 6 

2 2 Si0 2 GATE INSULATING FILM 

Fig. 7 

23 RESIST 
Fig. 8 

2 0 QUARTZ SUBSTRATE 

21a FIRST POLY-Si LAYER REGION 

2 2 Si0 2 GATE INSULATING FILM 

2 4 SiN GATE INSULATING FILM 

Fig. 9 

25 SECOND POLY-Si LAYER 

Fig. 10 

2 5a SECOND POLY-Si LAYER REGION 

Fig. 12 

2 0 QUARTZ SUBSTRATE 

21a FIRST POLY-Si LAYER REGION 

22 Si0 2 GATE INSULATING FILM 

24 SiN GATE INSULATING FILM 

2 5a SECOND POLY-Si LAYER REGION 

27 RESIST 

20 



Fig, 13 

2 8 INTERLAYER INSULATING FILM 

Fig. 14 

2 9 FIRST CONTACT HOLE 
Fig. 15 

3 0 Al/Si ELECTRODE 
Fig. 16 

31 PSG PASSIVATION FILM 

32 SiN PASSIVATION FILM 
Fig. 17 

33 SECOND CONTACT HOLE 
Fig. 18 

34 ITO FILM 
Fig. 19 

20 QUARTZ SUBSTRATE 

21a FIRST POLY-Si LAYER REGION 

22 Si0 2 GATE INSULATING FILM 

24 SiN GATE INSULATING FILM 

2 5a SECOND POLY-Si LAYER REGION 

2 8 INTERLAYER INSULATING FILM 

30 Al/Si ELECTRODE 
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31 PSG PASSIVATION FILM 

34a ITO PIXEL ELECTRODE 

Fig- 20 

35 POLYIMIDE (PI) FILM 

Fig. 21 

PERSPECTIVE VIEW OF CONVENTIONAL DEVICE 

4 HORIZONTAL (SCANNING LINE) DRIVING CIRCUIT (WITH SiN 

PROTECTIVE FILM) 

5 VERTICAL (SIGNAL LINE) DRIVING CIRCUIT ( WITH S iN PROTECTIVE 

FILM) 

14 UPPER SUBSTRATE 

15 LOWER SUBSTRATE (WITH TFT CIRCUIT FORMED THEREON) 

16 SPACER (ENCAPSULATING LIQUID CRYSTAL LAYER) 
WITHOUT SiN PROTECTIVE FILM 

LIQUID CRYSTAL CELL PORTION 
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ABSTRACT 

PURPOSE: To obtain a liquid crystal display device in which a protective 
layer for a transistor is easily formed and which has stab transistor 
characteristic without using the SiN based protective layer. 

CONSTITUTION: This device is provided with an active matrix substrate 1 
where a liquid crystal display part consisting of a matrix-state picture 
element electrode and a thin film transistor part for driving the picture 
element electrode, a horizontal(scanning line) driving circuit 4 which is 
connected to the liquid crystal display part, and a vertical(signal line) 
driving circuit 5 which is connected to the liquid crystal display part are 
formed; an upper substrate 2 which is overall opposed to the active matrix 
substrate; and a liquid crystal layer interposed and held between the 
active matrix substrate 1 and the upper substrate 2. Then, the liquid 
crystal display part is protected by a silicon oxide based insulating film 
and the liquid crystal layer. 
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[0 0 16] 02 (b) 1 3(i. I TO (1'>v^A 
^$nxt^. 0 2 (a) SLN* (b) cs^nx^^j; 
±^«, KYt->'ja>3fi©PSGffllT«Slsn. bi»t> 

[0 0 17] §3(1 ^l3&£#U£-fc;i'<Z)*ttKl;:itt!t 

[0018] wmmnaam&t. mmmmm\z&r) 

WKLfc. ffifiMft&tlfttt8 5"C©fian?j£*0> 1 0% 

tt*«ijtB«rai;««itt*wrsjii:*«fc3&^. 

[0 0 19] GTF\ *^«cj;^aa^a»«7 p D-fe 
X70-$i4~i2 0 ££H : >T|&BJT£. 

[0 0 2 0] Si". 04l^-r=fc-J(3, 53S»£2 0Jb 
Cl*ECVDJ£CJ:BMtJ*8 0 nm«^l#g->ijn> 

(poly-Si) 121 £flM.U y'Jn^t/ 

(S i'+) &Af£> 6 2 0 < cro©^-rrH+§fiS;fi7ii-;u 

fefr^ifc. ±ie<DS i +CT)ftA©^fr«, 30KeV, 
Ixi0l5/cm2©«, 5 0KeV. lXLO'Vc 
m2«2(HlTfi 1 -3 7to 

[0021] @5i:^tJ;5t:, Uvy57^- 
j£fi5C»fc9x«;/?>^U jfil po 1 y-S i»««2 
la, 2 1 b^^bfc. 

[0 0 2 2] AiZ, H6CjS-TJ:5C, ^SMldiO 

0 nmOS i G^-MMM^ 2S»J&L;fc. 
[002 3] H7l:*fi5l:. l^X h 2 3£ 

VXi7tLTCs (Xhl/-y*Wty^) gR«3U p 
o 1 y-S immm.2 l a.iZf&m-(*> (As +) £3 
OKeV, 5 x 1 0 1 Vcm2co^#T-1'^->ttAL- 

[0 0 2 4] H8C*-r«t5lC MJICVDftl: 

±19 S i Ni*3 0nmiSi:Ml- -g[5x-y^>y 

a. s i o 2 y- h«fiiuit2 2±(rs i Ntf-bmmm 

[0 0 2 5] #HC. H9fCiS-r«t'5K. WJECVDJfeC 
±0, »2#>jyU3> (poly-Si) I2 5&I? 
$ 3 5 0 nmlCflMU t<D y <kP S Gt;:=fc3fg 2 p o 1 



y-S iI2 5©ffijaK{tSH^fc. 
[0 0 2 6] AlZ, 0 1 O^fcfc^lC. /7X717 
fi:i0/^-r>^L, SiNy-H(»R2 4±c 
S2poly-Siif«25a, 2 5b£Mt5. 

9 5/5iLft. 

[0 0 2 7] A\Z. 0 1 1 l^-Ti-JiC. TFTfflS i 
Ny-hlftlW!l2 4*— aJXy^>m*L. As*$ 

10 OKeV, 1 x l 0 lVcm2«&#T':£®K-l'7t- 
>ftAL. K(CN^ J c^;i/^{^S^< h7>yX.?ii: 
As+£140KeV, 2x l 0 15 /cm2©MT-ft 

[0 0 2 8] AlZ. 0 1 2 iC^-Ti'JIC. U-V7.K2 7 

p^^^s^^dw :t> (B+) 
£3 OKeV, 2xiOl5/cm2«^#X-ft>iiA 

[0 0 2 9] ^1^0 1 3Cgn5i:. I/^*h2 7£ 
Rfc3sl/fc». MJECVDSiaOSOOnmfflllOP 
S GmS 1 0 0 n m»I&J9© S i O 2HM*68&J& 285: 

[0030] ^1;, 0 1 4i^r £ fc'3(rs i 02B ra*e 

H128iS i 0 2 y- Mffti*Bl2 24HF/NH4FS 

[0 0 3 1] A\Z. ±m\ZA 1 /S il^/ty^SC 
J;I9MJ?6 0 0 nmlCflMLfcit, @15l;/fvti') 

H3P0 4 ,'H20= 2/ 1 0CDX-y^i-> hSrffl^ 
T7i7M7f/^frK Al/S iJJH£/t*-x 
>^U Al/S ilI3 0Wlfc. 

[0 0 3 2] 0 1 6KjSf •t'SK. MJECVDft 

(CtO P SG/t->->^-->3>^3 1 £8IJ?4 0 0 nm 
fCJ^J&U ^CPCVDMIV^TS i Nrt^fc-SS i 
N/t>y->^-->a >^3 2 $rBfiS,UAc. 7K» 

(H 2 ) ©Ar*R<oa7t^fflft+T!W4 0 Ot, 3 

[0 0 3 3] ^Cir. 0 1 7{^Ti'J(C. S i NAy> 
^-/3>IS3 2C0^5:CF4^ x O2=9 5/5ffll7 
> IC ± 0 ^ 7 X -y ^ > ^ U fcf*. HF,'N 

H 4 F£l7ft>htLfc7i7 hl7fCJ;^ I 
#U ->'Ja>Jf^2 1 atrS< V-T.^WiFH' 
><D^iaJ«ffiffl^2n>3'i7 h^-ji/3 

fc. 

[0 0 3 4]^JC, 0 1 8 iZTxT&^iZ. ^./t-y^ftlZ 
±0, 4 0 ODffliSlET I TO «>iS'y&fSS8Ut®l) 
B3 4£±ffilC**»J&l/fc. 

[0 0 3 5] 01 9C;ftT«fc3K:. HC 1 : H 2 

O : N03= 3 0 0:3 0 0:5 OCDX-y^-f > Mr=fc 
0ITOl3 4^-^>^U ITOiS^M3 4 
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[0036] wz, 02 o^Ti^tc Bmm±. r 
4WPSG/t7^-y3>i3 it i Tommmm 

3 4 afl!)«®±lc?B»E^©#U-f 5 K (PDR3 
[0 0 3 7] 

^feS i N3R©«aB*ttfflTSiiMI*%Vifc«), S i 

a^. s io 2 is (psg?) ©ifiwasttfflT 

SCtKcfctK 

[0 1] *»?HtJ;a«ftS*3Sfli<Z)-*JIEOTS:ST« 

[0 2] El 1 {c^Lfc*^W«a*S3SS^Bi(jlHli» 

[0 3] t^Sfit*^0J^M^JcDSgft0^filittO 

[04] HJE#jcoMifi7 p n-t:X7D-igTS4o 
[0 5] HSfi^J^Mit^Dir^^o-0-e$)4o 
[0 6] SU6«nj©«lii^P-fe^7P-BIT»S. 

[07] mMm&m&^tm a y 

[0 8] ^#tJ^Mi^^P-tX7n-0TS4o 
[0 9] SIM^J^MiS^ > Pii^^P-0"C : S>4o 
[0 10] HJiS«ijWi4ifi7 p D-fe^7n-ig7! ! »S. 
[0 11] HJS^Jc^Sifi^P'feX^P-STS^o 
[0 1 2] ^M^J^it7 p P-t!:X7P-0T$)4o 
[0 13] HSE^JC7)Mifi7 P Pir7,7P-0T*4o 
[014] H^J^it7 P P-feX7P-0T*^ o 
[0 15] HS6^J^®ig7 p P-tr^7n-0T*4o 
[0 16] ||^j<7)Sig7 P P-feX7P-0T$)4o 
[0 17] *^JcoMig7 p PirX7P-0T$>4o 
[0 1 8] HM^JcDS[igyP-tl7;7P-0T$)4o 



[01 9] HSE^J<^S?j^7 p PirX7P— iTS^o 
[0 2 0] HJ6^jw«iS^D"t:^7D-HT*-&. 
[0 2 1] ^<0j^**S«O-«iJS:S-r«j!t»«BI 

2 ±SR«S 

3 x^— y- 

4 7K¥ (j£3BR) RBWiIalK 

5 SB (ffi^jR) SESjIU^ 

7 hSfiBtfli 

8 *3Ba-> 'J3> (poly-Si) y-h 

9 a mas 

10 a, 10b PSG§il 
10c PS GAfHttftM 

11 * U -f 5 KRlSMJt 
1 3 I TOiS^m® 

1 4 ±gRS« 
1 5 TSF!S« 

1 6 X^— 

2 0 

21 f§ 1 # U v U 3 > (poly-Si) Jl 
2 2 Si 02?- 
2 3 I/yX h 

24 si Ny- h«a 

25 Sf!2poly-SiJi 
2 7 1/yXh 
2 8 Si 02HK*e»M 

2 9 Jgia>^>7 

3 0 Al/'S i €11 
3 1 PS G/t r >^-/3 >j? 
3 2 Si Nrtyi/^—isa >I 
3 3 S2P>^i7 
3 4 ITOJBR 

34a iTommmw, 

3 5 K (P I) m 
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